Phase II cardiac rehabilitation programs are associated with improvements in exercise tolerance, coronary risk factors, and psychosocial well-being. Nevertheless, previous reports have generally evaluated the global effectiveness of these programs (ie, on all subjects, collectively), which may serve to camouflage or attenuate the impact of these interventions on specific patient subsets. In this study, we investigated the effectiveness of a contemporary, exercise-based cardiac rehabilitation program that included a cardiovascular risk-reduction intervention, using a computerized database on 117 patients (average age, 66.5 years; 68% men; 96% white) who completed pre-phase II and post-phase II evaluations. Exercise training involved three 45-to 60-min sessions per week at minimum of 40 to 50% to a maximum of 75% oxygen uptake for 6 to 8 weeks. 
D
espite major technologic advances in the field of cardiovascular medicine, coronary artery disease (CAD) remains the leading cause of death in the United States and most developed countries. 1 Contemporary studies 2, 3 now suggest that multifactorial risk factor modification-especially more in-tensive measures to control hyperlipidemia with diet, drugs, and exercise-may slow, halt, and even reverse the progression of atherosclerotic CAD. Added benefits include a reduction in anginal symptoms, decreases in exercise-induced ischemic ST-segment depression, fewer recurrent cardiac events, and a diminished need for coronary revascularization procedures. 4, 5 Several mechanisms may contribute to these improved clinical outcomes, including partial (albeit small) anatomic regression of coronary artery stenoses, a reduced incidence of plaque rupture, and improved coronary artery vasomotor function. 6 These findings suggest a new paradigm in the treatment of patients with CAD. 7 Only 11 to 38% of patients with CAD participate in formal cardiac rehabilitation programs, highlighting the vast underutilization of these comprehensive services (eg, medical evaluation, prescribed exercise, cardiac risk factor modification, and education, counseling, and behavioral interventions), especially in older adults and women. 8, 9 Phase II cardiac rehabilitation programs are associated with significant improvements in exercise tolerance and psychosocial well-being, and more modest changes in coronary risk factors. 10 However, previous studies have generally evaluated the global effectiveness of these programs (ie, on all patients, collectively), which may serve to camouflage or attenuate the impact of these interventions on specific patient subsets. 10 The present study was designed to investigate the effectiveness of a contemporary, exercise-based cardiac rehabilitation program that included a cardiovascular risk-reduction intervention (INTERx-VENT), 11 using a computerized database on coronary patients who completed pre-phase II and post-phase II evaluations, with specific reference to patients with abnormal baseline (that is, at program entry) coronary risk factors.
Materials and Methods

Subjects
Our study population included 117 consecutive patients (average age, 66.5 years; 68% men; 96% white) who completed pre-phase II and post-phase II evaluations using the INTERxVENT computerized database. Demographics of participants (n ϭ 117) who completed both program entry and exit evaluations are summarized in Table 1 . Table 2 provides details on the prevalence of cardiovascular-related diagnoses among these participants.
Health History Questionnaire
An extensive health history questionnaire, including information on clinical variables, coronary risk factors, submaximal and peak exercise test performance, subject demographics, and psychosocial well-being was jointly completed by program participants and staff at program (phase II) entry. A modified (shortened) version of the questionnaire was completed at program exit.
Laboratory Measures and Submaximal Exercise Testing
Height, weight, resting systolic and diastolic BP, fasting serum lipids and lipoproteins, and fasting glucose were measured at program entry and exit. To evaluate the effectiveness of the physical training program (ie, physiologic evidence of a training effect), we assessed heart rate, systolic BP, and rating of perceived exertion (6 to 20 scale) 12 at an individually determined standard submaximal workload at program entry and exit. The same treadmill speed and grade, which initially evoked a heart rate response within the patient's prescribed training zone, was used for both evaluations.
Physical Training Program
The aerobic circuit training program included three 45-to 60-min sessions per week for 6 to 8 weeks. Each session included a warm-up period (5 to 10 min), an endurance phase (30 min), and a cool-down period. Training involved two upper-extremity and/or lower-extremity exercise devices, 15 min at each station. Potential training modalities included treadmill walking, rowing, automated stair climbing, recumbent ergometry, and arm, leg, or combined arm-leg ergometry. Each patient's work rate (intensity) during the endurance phase was directed at achieving a minimum of 40 to 50% to a maximum of 75% of their estimated maximum oxygen uptake achieved on baseline exercise testing. 13 When appropriate, the relative training intensity was gradually increased over the duration of the phase II program. Actual intensity was verified by continuous ECG-telemetry monitoring, using the relative heart rate corresponding to the prescribed metabolic work rate (approximately 55 to 80% of maximum heart rate). Participants were instructed to adjust their work rate to meet their target intensity range, using perceived exertion (ie, fairly light [score of 11] to somewhat hard [score of 13]) as an adjunctive intensity modulator.
INTERxVENT
In addition to participating in exercise training, patients received education on cardiovascular disease (CVD), coronary risk factors, and lifestyle modification with the use of the INTERxVENT program. 11 Patient education was provided during cardiac rehabilitation sessions and included the use of written materials, audio compact disks (nutrition, physical activity and exercise, stress management, prevention, and health promotion), group education, and one-on-one counseling. On initiation of the cardiac rehabilitation program, patients were provided a computer-generated report outlining their current coronary risk factors, the goal level for each risk factor based on national guidelines (Table 3) , 4, [13] [14] [15] [16] [17] [18] [19] and an individualized lifestyle management action plan for achieving these goals, based on several behavior change models (ie, social learning theory, stages of change, and single-concept learning theory). The action plan focused on lifestyle modification, but also identified the need for prescribed medications and/or medication changes to optimize coronary risk factor management in accordance with national guidelines. Based on the recommendations in each patient's action plan, patients were referred to their personal physicians for consideration of medication changes.
Statistical Analysis
Statistical analyses included calculations of means, SDs, and SEs. Student t test for paired observations was used to calculate differences between before and after exercise-based cardiac rehabilitation. All t tests were two tailed, and statistical significance was established at p Յ 0.05. Statistical methods were those outlined by Steel and Torrie. 20 
Results
The effectiveness of the exercise training program was substantiated by significant (p Յ 0.05) reductions in heart rate (Ϫ 8 beats/min), systolic BP (Ϫ 11 mm Hg), and rating of perceived exertion (Ϫ 2, 6 to 20 scale) at a standard submaximal workload. Initial and follow-up ratings of overall health were also improved: excellent (2.6 to 4.3%) and very good (20.7 to 35.7%). Figure 1 summarizes the prevalence of potentially modifiable coronary risk factors for all participants (n ϭ 117) at baseline and follow-up. Overall, there were modest to appreciable reductions in the percentage of participants with systolic/diastolic hypertension, abnormal low-density lipoprotein (LDL) cholesterol levels, and elevated blood glucose levels, whereas the proportion of overweight patients and cigarette smokers remained essentially unchanged.
Patients who completed the initial and follow-up evaluations were categorized according to subsets with abnormal baseline coronary risk factors. These included systolic BP Ն 130 mm Hg (n ϭ 53); diastolic BP Ն 85 mm Hg (n ϭ 19); total cholesterol Ն 200 mg/dL (n ϭ 11); LDL cholesterol Ն 100 mg/dL (n ϭ 36); high-density lipoprotein (HDL) cholesterol Յ 35 mg/dL (n ϭ 14); triglycerides Ն 200 mg/dL (n ϭ 12); obesity, body mass index Ն 30 (n ϭ 48); and blood glucose Ն 126 mg/dL (n ϭ 15). Figure 2 summarizes the effect of the program on key cardiovascular risk factors in these patient subsets. All variables demonstrated statistically significant changes (p Յ 0.05), with individ- 
Discussion
Previous studies 3, 10, 21 have documented the clinical effectiveness of phase II cardiac rehabilitation programs and physician-supervised, nurse case-managed cardiovascular risk-reduction programs in patients with documented CAD. The present investigation evaluated the effectiveness of a contemporary, exercise-based phase II cardiac rehabilitation program that included INTERxVENT, using a computerized database, educational notebook, and lifestyle modification audiotapes that were played during the exercise sessions. However, in contrast to previous investigations, patient subsets with abnormal baseline risk factors were identified and evaluated separately. Although previous reports generally evaluated the global effectiveness of exercise-based cardiac rehabilitation programs (ie, on all subjects, collectively), this methodology may serve to camouflage or attenuate the impact of these interventions on specific patient subsets. Our findings suggest that a positive correlation generally characterizes the change in coronary risk factors subsequent to a phase II cardiac rehabilitation program. Patients with the worst coronary risk factor profiles at baseline demonstrated the greatest relative improvements (Fig 2) .
A reduced rate-pressure product at a given submaximal workload is compatible with a training effect and suggests increased exercise tolerance that most likely reflects improved aerobic fitness. 22 This is particularly beneficial, since most patients with clinically manifest heart disease have a subnormal aerobic capacity (50 to 70% age, gender predicted). Because a given submaximal task or work rate requires a relatively constant aerobic requirement, the cardiac patient finds that after an exercise training program, he or she is working at a lower percentage of his or her peak oxygen uptake, with greater reserve. Moreover, it has been reported that aerobic capacity is an independent predictor for all-cause and cardiovascular mortality in patients referred to a cardiac rehabilitation program. 23 According to the cardiac rehabilitation clinical practice guideline, 10 exercise training has only modest effects in reducing BP levels in patients with CAD. However, a review of the scientific evidence revealed that no study was specifically designed to address hypertension control in patients with elevated BP participating in exercise-based cardiac rehabilitation. More than one half of the present population had either elevated systolic BP (Ն 130 mm Hg) and/or diastolic BP (Ն 85 mm Hg) on entry to the program. When these patients were individually reviewed, the average decreases in systolic and diastolic BP were 16 mm Hg and 18 mm Hg, respectively. Such reductions, if maintained, are compatible with a reduced risk of subsequent cardiovascular events. 15 Numerous studies 2,3,24 -26 in patients with documented CAD have now shown that lipid lowering retards the progression of angiographically demonstrated coronary arterial narrowing, causes reduction in the size of atherosclerotic plaque, and decreases the frequency of recurrent cardiac events. The present findings were especially impressive relative to changes in lipids and lipoproteins among those patients with abnormal values at baseline, particularly in the subset with an elevated LDL subfraction (Ն 100 mg/dL; n ϭ 36). Overall, these patients demonstrated an average reduction in LDL cholesterol of 61 mg/dL that, in most cases, was likely attributed to the concomitant initiation of and/or bolstering of lipid-lowering medications by these patients' physicians.
Given that type 2 diabetes mellitus is a factor that commonly predisposes patients to coronary atherosclerosis, careful regulation of blood glucose is an important component of secondary prevention. 7, 17 For all patients (n ϭ 117), blood glucose levels decreased from an average entry value of 111 mg/dL to 95 mg/dL at follow-up. In addition, the subset with elevated blood glucose levels at baseline (Ն 126 mg/dL; n ϭ 15) demonstrated an average reduction of 48 mg/dL.
In recent years, psychosocial factors, including stress, anxiety, hostility, social isolation, and depression, have been increasingly implicated in the development of CAD, as well as potential triggers for recurrent cardiac events. 27 Nearly 20% of the current subjects reported a significant problem with anxiety, often attributed to health concerns, during their initial evaluation. Nevertheless, as a result of their participation in the program, those who reported their health as "excellent" increased from 2.6 to 4.3%, whereas those providing ratings of "very good" increased from 20.7 to 35.7%. Compared with the prior year, the percentage reporting "much better" health increased more than threefold at the conclusion of the program (9.5% vs 33.6%, respectively). These findings are in agreement with previous reports indicating that exercise-based cardiac rehabilitation often results in improvement in measures of psychosocial status and well-being. 10, 28 Finally, we acknowledge several limitations to this prospective study. These include the absence of a usual-care control group; regression to the mean in patients with abnormal baseline risk factors; the small number of female study participants (n ϭ 37); a well-educated, upper middleclass population that was predominantly white (96%), limiting the generalizability of our findings to less affluent minorities and other ethnic groups; and the relatively short duration of follow-up. Nevertheless, these results have important implications regarding outcomes assessment and thirdparty reimbursement issues.
